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(54) Insulated gate semiconductor device and method of manufacturing the same 



(57) A semiconductor device comprises a gate elec- 
trode (1 0) linked to a p base layer (4) which is formed in 
a cell region (CR), and a p semiconductor layer (13) 
formed to surround the cell region (CR). An emitter elec- 
trode (1 1) is connected to the top surface of a side diffu- 
sion region (SD) of the p semiconductor layer (13) and 
the top surface of a margin region (MR) adjacent to the 
side diffusion region (SD), through a contact hole (CH). 
In these regions, an n* emitter layer (5) is not formed. 



Most of the avalanche holes (H) created in the vicinity of 
the side diffusion region (SD) pass through the side dif- 
fusion region (SD), while some of the avalanche holes 
(H) pass through the margin region (MR) and are then 
ejected to the emitter electrode (11). Since there is no 
n + emitter layer (5) in these paths, a flow of the holes (H) 
does not conduct a parasitic bipolar transistor. As a 
result of this, the RBSOA is improved. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

The present invention relates to an insulated gate 
semiconductor device having a trench gate, and more 
particularly, to an improvement for improving an 
RBSOA. 

Description of the Prior Art 

An insulated gate semiconductor device is a semi- 
conductor device having a structure in which gate elec- 
trodes are faced with a semiconductor layer disposed 
for creating a channel through an insulation film. An 
insulated . gate bipolar transistor (hereinafter IGBT") 
and a MOS transistor are typical examples of such an 
insulated gate semiconductor device. In a generally 
popular structure of an insulated gate semiconductor 
device, a number of unit cells which are connected par- 
allel to each other are formed in a single semiconductor 
substrate, to obtain a large main current. 

In particular, an insulated gate semiconductor 
device having a trench gate, that is, a device which is 
structured so that a gate electrode is buried in a trench 
which is formed in one major surface of a semiconduc- 
tor base is attracting an attention as an excellent device 
which is advantageous in that it is possible to increase 
the integration degree of the device, since it is easy to 
miniturize the unit cells in such a device. 

Fig. 29 is a cross sectional view of a conventional 
insulated gate bipolar transistor having a trench gate 
(hereinafter "trench IGBT), which serves as the back- 
ground of the present invention. In a conventional 
device 151, a p + collector layer 1, an n + buffer layer 2, 
and an n' semiconductor layer 3 are sequentially 
stacked in this order in a silicon semiconductor base 
which is formed as a flat plate. Within a cell region CR 
of the semiconductor base, a number of trenches 7 are 
formed parallel to each other with a certain distance 
W C6 | from each other in a top major surface of the sem- 
iconductor base (i.e., a major surface in which the n* 
semiconductor layer 3 is formed). 

Further, in the cell region CR, a p base layer 4 is 
formed in a surface portion of the n* semiconductor 
layer 3. Still further, in a surface portion of the p base 
layer 4, an n + emitter layer 5 is selectively formed so as 
to be adjacent to side walls of the trenches 7. Gate insu- 
lation films 8 are formed on inner surfaces of the 
trenches 7, and a gate electrode (i.e., trench gate) 10 is 
buried inside the gate insulation films 8. A region of the 
p base layer 4 which is faced with the gate electrode 10 
and is between the n + emitter layer 5 and the n* semi- 
conductor layer 3 functions as a channel region. 

The cell region CR is surrounded by a gate wire 
region GR. In the gate wire region GR, a gate wire line 
GL is disposed on the top major surface of the semicon- 



ductor base through an insulation film 1 7. In a top major 
surface portion of the n" semiconductor layer 3 including 
a region which is immediately under the gate wire line 
GL, a p semiconductor layer 13 is selectively formed. 
The p semiconductor layer 13 is formed to maintain the 
breakdown voltage of the device 151 high. To achieve 
this object, the p semiconductor layer 13 is formed 
deeper than the p base layer 4. 

In regions between the adjacent trenches 7 in the 
top major surface of the semiconductor base, an emitter 
electrode 1 1 is connected to both the p base layer 4 and 
the n + emitter layer 5. An insulation layer 9 exists 
between the emitter electrode 1 1 and the gate electrode 
10 and between the emitter electrode 11 and the gate 
wire line GL. The insulation layer 9 maintains electric 
insulation between these elements. 

A collector electrode 12 is connected to a bottom 
major surface of the semiconductor base, that is, a sur- 
face of the p + collector layer 1 . The emitter electrode 1 1 
and the collector electrode 12 serve as a pair of main 
electrodes. 

In a condition where a positive collector voltage V CE 
is applied across the collector electrode 12 and the 
emitter electrode 1 1 , when a positive gate voltage V GE 
exceeding a predetermined gate threshold voltage 
v QE(th) ' s applied across the gate electrode 10 and the 
emitter electrode 11, the channel region is reversed 
from the p type to the n type. As a result, electrons are 
injected into the n" semiconductor layer 3 from the emit- 
ter electrode 1 1 through the n + emitter layer 5. 

As the injected electrons forwardly bias across the 
p + collector layer 1 and the n" semiconductor layer 3 
(including the n + buffer layer 2), holes are injected into 
the n" semiconductor layer 3 from the p + collector layer 
1. Since this greatly reduces the resistance of the n" 
semiconductor layer 3, a large collector current (which 
is a main current) flows from the collector electrode 12 
to the emitter electrode 1 1 . 

Next, if the gate voltage V QE is returned to zero or a 
negative value, a channel region 6 returns to the p type. 
As this stops injection of electrons from the emitter elec- 
trode 11, injection of holes from the p + collector layer 1 
stops. Following this, electrons and holes staying within 
the n" semiconductor layer 3 (and the n + buffer layer 2) 
are collected to the collector electrode 12 and the emit- 
ter electrode 11, or re-combined with each other and 
disappear. 

By the way, as clearly shown in Fig. 29, a bipolar 
transistor which is formed by the n + emitter layer 5, the 
p base layer 4, and the n' semiconductor layer 3 exists 
within an IGBT, in general, as a parasitic transistor. A 
hole current flowing in the p base layer 4 behaves as if it 
is a base current of the parasitic bipolar transistor. 
Hence, if the hole current flowing in the p base layer 4 
exceeds a certain value, the parasitic bipolar transistor 
conducts (i.e., turns on). 

Once the parasitic bipolar transistor conducts a par- 
asitic thyristor which is formed by the n+ emitter layer 5, 
the p base layer 4, the n' semiconductor layer 3 and the 
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p + collector layer 1 also conducts. Conduction of the 
parasitic thyristor is called latch-up. " Once the IGBT is 
latched up, the main current (i.e.. collector current) flow- 
ing between the emitter electrode 1 1 from the collector 
electrode 12 keeps flowing, now independently of the 
gate voltage V QE . That is, it becomes impossible to con- 
trol the collector current by means of the gate voltage 
V QE . This leads to destruction of the IGBT. 

In the case of a trench IGBT, destruction due to 
latching up tends to occur at a particular portion of the 
semiconductor base, during a particular operation. For 
instance, when an induction load (hereinafter "L load") 
is connected to the main electrodes and a large main 
current flows, latching up easily occurs. The extent of 
the ability of blocking a main current, which flows while 
the device is in an ON-state, when the device switches 
to an OFF-state is evaluated by a known RBSOA 
(Reverse Bias Safe Operation Area). Needless to men- 
tion, it is desirable that a large main current can be 
blocked, in other words, that the RBSOA is large. 

Fig. 30 is a graph schematically showing changes 
in a collector current l c and the collector voltage V CE 
during transition of the IGBT from the ON-state to the 
OFF-state with an L load connected. With the L load 
connected, when the collector current l c decreases, 
inductive electromotive force which is expressed as {-L 
- d l<Vdt} is generated across the L load where L 
denotes the force of induction of the L load. 

A voltage which is equal to the sum of a d.c. power 
source voltage which is supplied from an external power 
source and this inductive electromotive force, is applied 
across the emitter electrode 1 1 and the collector elec- 
trode 12, as the collector voltage V CE . As a result, as 
shown in Fig. 30, during transition of the IGBT from the 
ON-state to the OFF-state, a surge voltage appears in 
the collector voltage V CE . 

As shown in Fig. 30, when a power source voltage 
which is equivalent to a rated voltage of the IGBT is sup- 
plied and the value of the collector current l c during the 
device ON-state corresponds to a rated current, the 
surge voltage excessively applies the collector voltage 
V CEl whereby an avalanche current is generated within 
the semiconductor base. 

The avalanche current serves as a base current of 
the parasitic bipolar transistor described above. Hence, 
when the avalanche current which is equal to or larger 
than a certain value flows in the p base layer 4 in which 
the n + emitter layer 5 exists, the parasitic bipolar transis- 
tor turns on, thereby destroying the IGBT The ava- 
lanche current destroying the IGBT is developed in a 
portion of the semiconductor base with concentrated 
electric field, that is, a portion where electric field 
becomes strongest as a result of the application of the 
collector voltage V CE . 

in general, electric field is concentrated at an 
extruded portion or a portion which is strongly warped. 
Hence, in general, electric field tends to concentrate 
around bottom portions of the trenches 7 or a side diffu- 
sion region which forms both end portions of the p sem- 
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iconductor layer 13. However, in the device 151 which is 
shown in Fig. 29, the distance W cei is set sufficiently 
small in order to sufficiently weaken electric field which 
is developed around the bottom portions of the trenches 

5 7. Therefore, in the cell region CR, electric field is rela- 
tively weak. Further, since a guard ring 14 for weaken- 
ing electric field is disposed around the p 
semiconductor layer 13, strong electric field is not devel- 
oped in the side diffusion region of the p semiconductor 

ro layer 13 facing the guard ring 1 4. 

Hence, in the device 151, electric field is strongest 
in the side diffusion region of the p semiconductor layer 
13 facing the cell region CR. Fig. 31 is an expanded 
cross sectional view expanding a vicinity of such a side 

is diffusion region. As shown in Fig. 31 , in a region which 
is close to a boundary between the side diffusion region 
and the n" semiconductor layer 3, i.e., in a region where 
electric field is concentrated most strongly, an ava- 
lanche current is generated. In other words, pairs of 

20 holes H and electrons E are created. 

Of these, the holes H flow into the emitter electrode 
1 1 through the p base layer 4 which is in the vicinity of 
the p semiconductor layer 13, after passing through the 
n" semiconductor layer 3. At this stage, the flow of the 

25 holes H contributes as the base current of the parasitic 
bipolar transistor. Hence, when the avalanche current 
becomes large exceeding a certain limit, the parasitic 
bipolar transistor turns on. As a result, the device 151 is 
latched up, and is eventually destroyed. 

30 As described above, in the conventional device 
151, the avalanche current which is created in the side 
diffusion region of the p semiconductor layer 13 facing 
the cell region CR is a cause of latching up, and the 
RBSOA of the device is restricted by the avalanche cur- 

35 rent which is created in this side diffusion region. 

SUMMARY OF THE INVENTION 

A first aspect of the present invention is directed to 

40 an insulated gate semiconductor device comprising a 
semiconductor base defining a top major surface and a 
bottom major surface. In the insulated gate semicon- 
ductor device, the semiconductor base includes: a first 
semiconductor layer of a first conductivity type being 

45 exposed to the top major surface; a second semicon- 
ductor layer of a second conductivity type, being formed 
in a portion of the top major surface within the first sem- 
iconductor layer; a third semiconductor layer of the sec- 
ond conductivity type formed in a portion of the top 

so major surface within the first semiconductor layer by 
selectively diffusing an impurity, the third semiconductor 
layer being deeper than the second semiconductor 
layer, the third semiconductor layer being linked to the 
second semiconductor layer, the third semiconductor 

55 layer surrounding the second semiconductor layer; and 
a fourth semiconductor layer of the first conductivity 
type being selectively formed in a portion of the top 
major surface within the second semiconductor layer. In 
the semiconductor base, a trench is formed which is 
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open in the top major surface, which penetrates the 
fourth and the second semiconductor layers and which 
reaches the first semiconductor layer. The device fur- 
ther comprises: a gate insulation film which ensures 
electric insulation, the gate insulation film covering an 5 
inner wall of the trench; a gate electrode which is buried 
within the trench, with the gate insulation film located 
between the gate electrode and the semiconductor 
base; a gate wire line which is disposed on the top 
major surface through an insulation film so as to extend 
along the third semiconductor layer, the gate wire line 
being electrically connected to the gate electrode; a first 
major electrode which is disposed on the top major sur- 
face, the first major electrode being electrically con- 
nected to the second and the fourth semiconductor 
layers; and a second major electrode which is disposed 
on the bottom major surface, the second major elec- 
trode being electrically connected to the bottom major 
surface. The first major electrode is also electrically 
connected to a side diffusion region which is adjacent to 
the second semiconductor layer within the third semi- 
conductor layer. The fourth semiconductor layer is not 
formed within the side diffusion region. 

According to a second aspect of the present inven- 
tion, in the insulated gate semiconductor device of the 
first aspect, the first major electrode is also electrically 
connected to a margin region which is defined as a 
region within a certain distance from the side diffusion 
region in the second semiconductor layer, and the 
fourth semiconductor layer is not formed within the mar- 
gin region, either. 

According to a third aspect of the present invention, 
in the insulated gate semiconductor device of the sec- 
ond aspect, the certain distance is approximately equal 
to or smaller than 50 pm 

According to a fourth aspect of the present inven- 
tion, in the insulated gate semiconductor device of the 
first aspect, the trench is divided into a plurality of unit 
trenches which are arranged parallel to each other and 
equidistant from each other. 

According to a fifth aspect of the present invention, 
in the insulated gate semiconductor device of the fourth 
aspect, at least one of the plurality of unit trenches 
which is located at an end of arrangement of the plural- 
ity of unit trenches is formed within the third semicon- 
ductor layer. 

According to a sixth aspect of the present invention, 
in the insulated gate semiconductor device of the first 
aspect, an edge portion of the trench along the longitu- 
dinal direction of the trench extends into the third semi- 
conductor layer. 

According to a seventh aspect of the present inven- 
tion, the insulated gate semiconductor device of the first 
aspect, the semiconductor base further includes a fifth 
semiconductor layer which is selectively formed in a 
connection portion of the second and the third semicon- 
ductor layers with the first major electrode, the fifth sem- 
iconductor layer having a higher impurity concentration 
than those of the second and the third semiconductor 



layers. 

An eighth aspect of the present invention is directed 
to a method of manufacturing an insulated gate semi- 
conductor device, comprising the steps of: (a) preparing 
a semiconductor base defining a top major surface and 
a bottom major surface, the semiconductor base includ- 
ing a first semiconductor layer of a first conductivity type 
which is exposed to the top major surface; (b) selec- 
tively introducing a second conductivity type impurity 
into the top major surface to thereby form a second 
semiconductor layer and a third semiconductor layer of 
a second conductivity type in a portion of the top major 
surface within the first semiconductor layer, so that the 
third semiconductor layer is deeper than the second 
semiconductor layer and the third semiconductor layer 
is linked to the second semiconductor layer and sur- 
rounds the second semiconductor layer; (c) selectively 
introducing a first conductivity type impurity into the top 
major surface to thereby selectively form a fourth semi- 
conductor layer of the first conductivity type, in a portion 
of the top major surface within the second semiconduc- 
tor layer except at a side diffusion region which is adja- 
cent to the second semiconductor layer within the third 
semiconductor layer; (d) selectively etching from the top 
major surface to thereby selectively form a trench in the 
semiconductor base which penetrates the fourth and 
the second semiconductor layers and reaches the first 
semiconductor layer; (e) forming an insulation film 
which covers an inner wall of the trench and a top sur- 
face of the semiconductor base; (0 forming a conductive 
layer to coat the insulation film; (g) selectively removing 
the conductive layer to leave an inner portion of the 
trench and a portion which is along the third semicon- 
ductor layer, to thereby form a gate electrode and a gate 
wire line; (h) forming a first major electrode on the top 
major surface, the first major electrode being electrically 
connected to the second and the fourth semiconductor 
layers and also to said side diffusion region; and (i) 
forming a second major electrode which is electrically 
connected to the bottom major surface. 

According to a ninth aspect of the present inven- 
tion, in the method of manufacturing an insulated gate 
semiconductor device of the eighth aspect, at the step 
(c), the fourth semiconductor layer is formed except at a 
margin region which is defined as a region within a cer- 
tain distance from the side diffusion region in the sec- 
ond semiconductor layer, and at the step (h), the first 
major electrode is also electrically connected to the 
margin region. 

According to tenth aspect of the present invention, 
in the method of manufacturing an insulated gate semi- 
conductor device of the ninth aspect, at said step (c), 
the certain distance is set equal to or smaller than 50 
jim. 

According to a eleventh aspect of the present 
invention, in the method of manufacturing an insulated 
gate semiconductor device of the eighth aspect, at the 
step (d), the trench is formed as a plurality of unit 
trenches which are arranged parallel to each other and 
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equidistant from each other. 

According to an twelfth aspect of the present inven- 
tion, in the method of manufacturing an insulated gate 
semiconductor device of the eleventh aspect, at the 
step (d), at least one of the plurality of unit trenches is s 
formed in the side diffusion region as well. 

According to thirteenth aspect of the present inven- 
tion, in the method of manufacturing an insulated gate 
semiconductor device of the eighth aspect, at said step 
(d), the trench is so formed that an edge portion of the 
trench along the longitudinal direction of the trench 
extends into the third semiconductor layer. 

According to a fourteenth aspect of the present 
invention, the method of manufacturing an insulated 
gate semiconductor device of the eighth aspect further 
comprises a step (j) of selectively introducing a second 
conductivity type impurity into the top major surface to 
thereby selectively form a fifth semiconductor layer of 
the second conductivity type in a portion of the top 
major surface within the second and the third semicon- 
ductor layers to which the first major electrode is to be 
connected, the fifth semiconductor layer having a higher 
impurity concentration than that of any one of the sec- 
ond and the third semiconductor layers, the step fl) 
being executed prior to the step (h). 

In the device according to the first aspect of the 
present invention, the third semiconductor layer which is 
deeper than the second semiconductor layer is formed 
immediately below the gate wire line. This maintains the 
breakdown voltage of the device high. Further, since the 
first major electrode is electrically connected to the side 
diffusion region of the third semiconductor layer which is 
adjacent to the second semiconductor layer, most of 
holes which are created in the vicinity of the side diffu- 
sion region thereby developing an avalanche current 
pass through an inner portion of the side diffusion 
region and are smoothly ejected to the first major elec- 
trode. In addition, since the fourth semiconductor layer 
does not exist in this principal path, conduction of a par- 
asitic bipolar transistor due to a flow of holes is sup- 
pressed. This improves an RBSOA. 

In the device according to the second aspect of the 
present invention, the first major electrode is also con- 
nected to the margin region which is a certain region 
within the second semiconductor layer which is adjacent 
to the side diffusion region, just as the first major elec- 
trode is connected to the side diffusion region. Further, 
the fourth semiconductor layer does not exist in the mar- 
gin region. Hence, a small number of holes which are off 
the principal path are also smoothly ejected to the first 
major electrode, and conduction of the parasitic bipolar 
transistor due to these small number of holes is sup- 
pressed. As a result, the RBSOA is further improved. 

In the device according to the third aspect of the 
present invention, a width of the margin region from the 
side diffusion region is set approximately at 50 Jim or 
smaller. Hence, the margin region is not set unwantedly 
large outside a path of holes which are created in the 
vicinity of the side diffusion region thereby developing 



an avalanche current. Further, a ratio of an effective 
area of the device to the entire device is ensured to a 
practical value. 

In the device according to the fourth aspect of the 
present invention, since the trench is divided into a plu- 
rality of unit trenches, a large main current is obtained. 
Further, since the plurality of unit trenches are arranged 
parallel to each other and equidistant from each other, 
electric field in the vicinity of a bottom portion of each 
unit trench is uniform, which in turn prevents local con- 
centration of electric field. Since this makes it difficult for 
an avalanche current to be developed at the bottom por- 
tion of each unit trench, suppression of conduction of 
the parasitic bipolar transistor due to an avalanche cur- 
rent in the side diffusion region of the third semiconduc- 
tor layer further effectively contributes to an 
improvement in the RBSOA of the device. 

In the device according to the fifth aspect of the 
present invention, since at least one unit trench which is 
located at an end of the arrangement of the unit 
trenches is formed within the third semiconductor layer, 
even if the unit trenches are displaced due to displace- 
ment of a mask pattern which is used to form the unit 
trenches, a distance between the side diffusion region 
and the unit trench which is closest to the side diffusion 
region does not exceed the intervals between the plural- 
ity of unit trenches. Hence, it is possible to avoid an 
inconvenience that electric field is concentrated at a 
bottom portion of the unit trench which is closest to the 
side diffusion region and that an avalanche current is 
developed at this portion, it is possible to improve the 
RBSOA of the device, without aligning the mask pattern 
at a high accuracy. 

In the device according to the sixth aspect of the 
present invention, since the edge portion of the trench 
along the longitudinal direction of the trench extends 
into the third semiconductor layer, it is possible to avoid 
an inconvenience that electric field is concentrated at 
the edge portion and that an avalanche current is devel- 
oped at this portion, and it is possible to improve the 
RBSOA of the device. 

In the device according to the seventh aspect of the 
present invention, the second and the third semicon- 
ductor layers are connected to the first major electrode, 
through the fifth semiconductor layer having a higher 
impurity concentration. Hence, contact resistances, and 
hence, potential barriers at the connection portion 
where these elements are connected are low. As a 
result, holes intruding into the second and the third 
semiconductor layers easily exit to the first major elec- 
trode, which in turn increases the value of a current 
which can be turned off. That is, a device with a high 
RBSOA is realized. 

In the method according to the eighth aspect of the 
present invention, since the fourth semiconductor layer 
is formed except at the third semiconductor layer at the 
step (c) and the first major electrode is also connected 
to the side diffusion region at the step (h), the device 
according to the first aspect is obtained. In short, only 
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by combining known wafer processes but without partic- 
ularly using a complex step or a difficult step, a device 
with a high RBSOA is manufactured easily at a cheap 
cost. 

In the method according to the ninth aspect of the 5 
present invention, since the fourth semiconductor layer 
is formed also except at the margin region at the step (c) 
and the first major electrode is also connected to the 
margin region at the step (h), the device according to 
the second aspect is obtained. In short, a device with a 
further improved RBSOA is manufactured easily at a 
cheap cost. 

In the method according to the tenth aspect of the 
present invention, since a width of the margin region 
form side diffusion region is set at 50 \m or smaller, the 
device according to the third aspect is obtained. 

In the method according to the eleventh aspect of 
the present invention, since the trench is formed as the 
plurality of unit trenches which are arranged parallel to 
each other and equidistant from each other at the step 
(d), the device according to the fourth aspect is 
obtained. In short, a device with a still further improved 
RBSOA is manufactured easily at a cheap cost. 

In the method according to the twelfth aspect of the 
present invention, since at least one unit trench is 
formed also in the side diffusion region at the step (d), 
even if positions at which the plurality of unit trenches 
are to be formed are somewhat displaced, a distance 
between the side diffusion region and the unit trench 
which is closest to the side diffusion region does not 
exceed the intervals between the plurality of unit 
trenches. Hence, it is possible to manufacture a device 
in which an avalanche current is not likely to be devel- 
oped at the bottom portions of the unit trenches, i.e., a 
device with an excellent RBSOA, without raising the 
accuracy of the positions at which the plurality of unit 
trenches are to be formed. 

In the method according to the thirteenth aspect of 
the present invention, since the trench is so formed that 
an edge portion of the trench along the longitudinal 
direction of the trench extends into the third semicon- 
ductor layer, the device according to the sixth aspect 
which has a further improved RBSOA is obtained. 

In the method according to the fourteenth aspect of 
the present invention, since the fifth semiconductor 
layer is selectively formed in the connection portion 
between the second and the third semiconductor layers, 
and the first major electrode at the step (j). the device 
according to the sixth aspect is obtained. In short, a 
device with a high RBSOA is manufactured easily at a 
cheap cost. 

Accordingly, an object of the present invention is to 
obtain an insulated gate semiconductor device in which 
conduction of a parasitic bipolar transistor due to an 
avalanche current is suppressed and an RBSOA is 
accordingly improved. Further, the present invention 
aims to provide a manufacturing method which is suita- 
ble to manufacture such an insulated gate semiconduc- 
tor device. 



These and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view of a device accord- 
ing to a first preferred embodiment of the present 
invention; 

Fig. 2 is a plan view of the device according to the 
first preferred embodiment of the present invention; 
Rg. 3 is a perspective view in cross section, show- 
ing the device according to the first preferred 
embodiment of the present invention; 
Figs. 4 and 5 are cross sectional views of the device 
according to the first preferred embodiment of the 
present invention; 

Figs. 6 to 17 are views showing steps of manufac- 
turing the device according to the first preferred 
embodiment of the present invention; 
Rg. 18 is a cross sectional view of a device accord- 
ing to a second preferred embodiment of the 
present invention; 

Rg. 19 is a view showing a step of manufacturing 
the device according to the second preferred 
embodiment of the present invention; 
Rg. 20 is a perspective view in cross section, show- 
ing a device according to a third preferred embodi- 
ment of the present invention; 
Rgs. 21 to 23 are cross sectional views of the 
device according to the third preferred embodiment 
of the present invention; 

Rgs. 24 to 28 are views showing steps of manufac- 
turing the device according to the third preferred 
embodiment of the present invention; 
Rg. 29 is a cross sectional view showing a conven- 
tional device; 

Rg. 30 is a schematic diagram for describing an 
operation of the conventional device; and 
Rg. 31 is a partially expanded cross sectional view 
showing the conventional device. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(1. First Preferred Embodiment) 

Rrst, an insulated gate semiconductor device 
according to a first preferred embodiment of the present 
invention will be described. Fig. 2 is a plan view of the 
insulated gate semiconductor device according to the 
first preferred embodiment. Similarly to the conventional 
device 151 shown in Fig. 29, this device 101 is formed 
as an IGBT which includes a number of unit cells. In the 
drawing referred to in the following, portions corre- 
sponding to those of the conventional device 151, 
namely, portions having the same functions will be 
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denoted by the same reference symbols as those which 
are used in Fig. 29. 

As shown in Fig. 2, a rectangular gate pad GP is 
disposed next to a central portion of one side, on a top 
surface of the device 101 . A gate wire line GL is con- s 
nected to the gate pad GP. The gate wire line GL is dis- 
posed along an outer periphery of the top surface of the 
device 101, and is also disposed so as to extrude from 
one side to the opposite side in a comb-like configura- 
tion. That is, the gate wire line GL is disposed as if to 
divide the top surface into equal parts. Over the entire 
surface which is surrounded by the gate wire line GL, an 
emitter electrode 1 1 is formed. 

Although not shown in Fig. 2, below the emitter 
electrode 11 (i.e., in the direction of depth of Fig. 2), a 
number of IGBT cells which serve as unit cells are 
arranged in the form of stripes which are perpendicular 
to the comb-like shaped gate wire line GL. A region in 
which the unit cells are arranged will be referred to as 
"cell region CR." A region in which the gate wire line GL 
is arranged will be referred to as "gate wire region GR." 

<1-1 . Structure And Operation Of Cell Region) 

Fig. 3 is a perspective view in cross section of the 
device 1 01 , taken along a cutting plane line C1 -C1 (Fig. 
2) within the cell region CR. In Fig. 3, two unit cells are 
drawn. As shown in Fig. 3, in the device 101, an n + 
buffer layer 2 which includes an n-type impurity of a high 
concentration is formed on a p + collector layer 1 which 
includes a p-type impurity of a high concentration, and 
an n* semiconductor layer 3 which includes an n-type 
impurity of a low concentration is formed on the n + 
buffer layer 2. 

Further, a p base layer 4 is formed on the n* semi- 
conductor layer 3, by introducing a p-type impurity. In a 
top major surface of the p base layer 4, by selectively 
introducing an n-type impurity of a high concentration, 
an n + emitter layer 5 is selectively formed. These five 
semiconductor layers form a flat-plate like semiconduc- 
tor base 200 having two major surfaces. 

In a top major surface of the semiconductor base 
200 (i.e., a major surface in which the p base layer 4 is 
formed), trenches 7 are formed which penetrate the n + 
emitter layer 5 and the p base layer 4 and reach the n' 
semiconductor layer 3. Each trench 7 is formed in each 
unit cell, in such a manner that the trenches 7 are 
arranged like stripes which are parallel to each other. 
Gate insulation films 8 are formed on inner wall surfaces 
of the trenches 7, and gate electrode (i.e.. trench gate) 
10 is buried inside the gate insulation films 8. A stripe- 
like region of the p base layer 4 which is faced with the 
gate electrode 10 and is sandwiched between the n* 
emitter layer 5 and the n* semiconductor layer 3 serves 
as a channel region 6. 

The n + emitter layer 5 is formed so as to be 
exposed, in a ladder-like configuration, to a top major 
surface of the p base layer 4 between two adjacent 
trenches 7. That is, the n + emitter layer 5 includes two 



strip-like portions which extend like stripes in contact 
with side walls of the two adjacent trenches 7, and a 
cross bar portion which partially connects the two strip- 
like portions (along a cutting plane line C2-C2 in Fig. 3). 
Hence, in a cross section taken along the cutting plane 
line C2-C2, the n + emitter layer 5 links the two adjacent 
trenches 7, along the top surface of the semiconductor 
base 200 (not shown). 

In the top major surface of the semiconductor base 
200, an insulation layer 9 is selectively formed to cover 
the gate electrode 10. The insulation layer 9 is coated 
with the emitter electrode 1 1 . Within the insulation layer 
9, at regions which are between two adjacent trenches 
7, contact holes CH are formed to open in the form of 
stripes. Through the contact holes CH, the emitter elec- 
trode 1 1 is connected to both the n + emitter layer 5 and 
the p base layer 4. 

On the other hand, in a bottom major surface of the 
semiconductor base 200, i.e., in a major surface where 
the p + collector layer 1 is exposed, a collector electrode 
12 is formed. The collector electrode 12 and the emitter 
electrode 1 1 form a pair of main electrodes which func- 
tions as a path of a collector current (i.e., a main cur- 
rent). 

In a typical example in which the semiconductor 
base 200 is mainly formed of silicon, the gate insulation 
films 8 are formed preferably by a thermal oxide film of 
silicon, namely, Si0 2 . The trenches 7 and the gate wire 
line GL are formed preferably by polysilicon which is 
doped with an impurity. Further, the insulation layer 9 is 
formed preferably by BPSG, i.e., silicate glass which 
contains boron and phosphorus. In addition, the emitter 
electrode 1 1 and the gate pad GP are formed preferably 
by Ai-Si, i.e., aluminum which contains Si. The collector 
electrode 12 is formed preferably by AIMoNiAu alloy. 

To use this device 101, first, by connecting an exter- 
nal power source, a positive collector voltage V CE is 
applied across the collector electrode 12 and the emitter 
electrode 1 1 . In this condition, when a positive gate volt- 
age V QE exceeding a predetermined gate threshold 
voltage V GE(th) is applied across the gate electrode 10 
and the emitter electrode 1 1 , the channel region 6 of the 
p-type is reversed to the n-type. As result of this, elec- 
trons are injected into the n* semiconductor layer 3 from 
the emitter electrode 1 1 through the n + emitter layer 5. 

As the injected electrons forwardly bias between 
the p + collector layer 1 and the n" semiconductor layer 3 
(including the n + buffer layer 2), holes are injected into 
the n' semiconductor layer 3 from the p + collector layer 
1. Since this greatly reduces the resistance of the n" 
semiconductor layer 3, a large collector current (which 
is a main current) flows from the collector electrode 12 
to the emitter electrode 1 1 . That is, the device turns into 
an ON state (i.e., turns on) between the emitter elec- 
trode 1 1 and the collector electrode 12. 

A resistance and a voltage across the emitter elec- 
trode 1 1 and the collector electrode 12 in this condition 
are called "ON-resistance" and "ON-voKage Vc^)," 
respectively. As described above, in the device 101, 
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since holes are injected from the p + collector layer 1 , the 
resistance of the n" semiconductor layer 3 is low. This 
realizes a low ON-resistance, i.e., a low ON-voltage 

V CE(sat)- 

Next, when the gate voltage V GE is returned to zero 5 
or a negative value (i.e., reversely biased) (that is, the 
gate is turned off), a channel which is created in the 
channel region 6 disappears so that the channel region 
6 switches to the p-type which is the original conductiv- 
ity type of the channel region 6. As this stops injection of 
electrons from the emitter electrode 11, injection of 
holes from the p + collector layer 1 stops. 

Following this, electrons and holes staying within 
the n' semiconductor layer 3 (and the n + buffer layer 2) 
are collected to the collector electrode 12 and the emit- 
ter electrode 11, or re-combined with each other and 
disappear. As result of this, the device is brought into an 
OFF state (i.e., turns off) in which a current does not 
flow across the emitter electrode 11 and the collector 
electrode 12. 

Since, in the device 101, the n + emitter layer 5 is 
exposed in a ladder-like configuration to a region of a 
top major surface of the semiconductor base 200 
between the trenches 7, even if the positions of the con- 
tact holes CH (which are shown in a dot-dot-slash line in 
Fig. 3) are displaced, electric contact of the p base layer 
4 and the n + emitter layer 5 with the emitter electrode 1 1 
is always guaranteed. Since this does not require a 
redundant design which considers positional displace- 
ment of the contact holes CH, it is easy to complete the 
unit cells in fine patterns. 

(1 -2. Structure And Operation In The Vicinity Of Bound- 
ary Between Cell Region And Gate Wire Region) 

Figs. 4, 5 and 1 are cross sectional views showing 
a structure in the vicinity of a boundary between the cell 
region CR and the gate wire region GR in the device 
101. Of these cross sectional views, Fig. 4 is a cross 
sectional view showing the top major surface of the 
semiconductor base 200 taken in the vicinity of a cutting 
plane line C3-C3 of Fig. 2. Fig. 5 is a cross sectional 
view taken along the cutting plane line C3-C3. Fig. 1 is 
a cross sectional view taken along a cutting plane line 
C4-C4. 

As shown in Fig. 4 or 1 , in the cell region CR, the 
unit cells are arranged parallel to each other, with a con- 
stant distance W cg! from each other. In the cell region 
CR, the contact holes CH are each formed in the form of 
a stripe which has a width of W ch , for each unit cell. 

On the other hand, in the gate wire region GR, the 
gate wire line GL is disposed on the top major surface of 
the semiconductor base 200, through an insulation film 
1 6. In that portion of the top major surface of the n' sem- 
iconductor layer 3 which includes a region immediately 
below the gate wire line GL, a p semiconductor layer 13 
is selectively formed. The p semiconductor layer 13 is 
formed deeper than the p base layer 4. 

As shown in Figs. 4 and 5, there is a boundary 



between the cell region CR and the gate wire region GR 
in the longitudinal direction of the unit ceils. Further, as 
shown in Fig. 1 , there is a boundary in a similar manner 
in the direction of the arrangement of the unit cells. That 
is, the cell region CR is surrounded by the gate wire 
region GR. The p semiconductor layer 13 which is asso- 
ciated with the gate wire region GR is formed so as to 
surround the cell region CR. 

The p semiconductor layer 13 is formed by selec- 
tively diffusing a p-type impurity. Due to side diffusion 
(i.e., diffusion in a lateral direction), the cross sectional 
configuration of an edge portion of the p semiconductor 
layer 13 is warped in the shape of an arc. Hence, the 
edge portion of the p semiconductor layer 13 which is 
formed by side diffusion, namely, a side diffusion region 
SD is adjacent to the cell region CR. 

As shown in Fig 1 , the contact hole CH is formed on 
a top surface (i.e., a surface which is included in the top 
major surface of the semiconductor base 200) of the 
side diffusion region SD which is located at an edge por- 
tion of the arrangement of the unit cells. Further, on the 
top surface of the p base layer 4 as well which is adja- 
cent to the side diffusion region SD, the contact hole CH 
is formed on a margin region MR which is a region 
within a certain distance from the side diffusion region 
SD. 

As shown in Figs. 4 and 5, since the gate electrode 
1 0 is connected to the gate wire line GL at the edge por- 
tion of the unit cells in the longitudinal direction, the 
trenches 7 penetrate the p semiconductor layer 13. The 
contact holes CH which are formed between adjacent 
trenches 7 extend over from a top surface of the margin 
region MR which is adjacent to the p semiconductor 
layer 13 to the top surface of the side diffusion region 
SD. 

In this manner, the contact holes CH are formed in 
the top surface of the side diffusion region SD which 
surrounds the cell region CR and in the top surface of 
the margin region MR which is adjacent to the side dif- 
fusion region SD. Through the contact holes CH, the top 
surface of the side diffusion region SD and the top sur- 
face of the p base layer 4 which corresponds to the mar- 
gin region MR are connected to the emitter electrode 
11. Further, the n + emitter layer 5 are not formed in the 
side diffusion region SD and the margin region MR. 

These characteristic structures within the side diffu- 
sion region SD and the margin region MR play an 
important role in relation to the RBSOA of the device 
101. For instance, during transition of the device 101 
from the ON-state to the OFF-state with the L load con- 
nected, as shown in Figs. 1 and 5, in the vicinity of a 
warped interface between the side diffusion region SD 
and the n" semiconductor layer 3, pairs of holes H and 
electrons E are created. Of these, the electrons E flow 
toward the collector electrode 12 while the holes H flow 
toward the emitter electrode 1 1 . These carriers develop 
an avalanche current. 

However, unlike in the conventional device 151, 
since the top surface of the side diffusion region SD is 
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connected to the emitter electrode 11 through the con- 
tact holes CH, most of the created holes H smoothly 
pass through the side diffusion region SD toward the 
emitter electrode 1 1 which is connected to the top sur- 
face of the side diffusion region SD. In other words, a 
path passing through the side diffusion region SD 
toward the emitter electrode 1 1 which is connected to 
the top surface of the side diffusion region SD is a prin- 
cipal path of the holes H. 

Meanwhile, a small number of holes H which are off 
the principal path intrude into a region which is near the 
p semiconductor layer 13 of the p base layer 4. How- 
ever, since the top surface of the margin region MR 
which is adjacent to the p semiconductor layer 1 3 is also 
connected to the emitter electrode 1 1 through the con- 
tact holes CH, these small number of holes H intruding 
into the p base layer 4 smoothly exit into the emitter 
electrode 11. 

Further, as described above, neither the side diffu- 
sion region SD nor the margin region MR includes the 
n + emitter layer 5. That is. the n + emitter layer 5 does not 
exist in the path of the holes H. Hence, the holes H 
which pass through the side diffusion region SD and the 
margin region MR do not conduct the parasitic bipolar 
transistor. In other words, the RBSOA of the device is 
improved. As a result, during transition of the device 1 01 
from the ON-state to the OFF-state with the L load con- 
nected, for example, the device is unlikely to get 
destroyed. 

The width of the margin region MR may be about 50 
^m, which is sufficient. The path of holes H intruding 
into the p base layer 4 remains within a range 50 Jim 
from the interface of the side diffusion region SD. 
Hence, if the width is about 50 jim, the margin region 
MR can cover the path of almost all of holes H. In addi- 
tion, setting the width of the margin region MR unwant- 
edly larger exceeding 50 jim is not desirable since such 
leads to reduction of the effective area of the device 
101. 

In Fig. 2, the length of the unit cell, i.e., the cell 
length Lc is set typically around 1 to 2 mm. Hence, if the 
width of the margin region MR exceeds 50 ftm, at the 
both ends of the unit cells, a void area exceeding 100 
jim in total is created. That is, the effective area is 
reduced by 5 to 10 % or more The resulting reduced 
area is practically a tolerable limit. In this manner, to set 
the effective area of the device 101 in a practical range, 
the upper limit of the width of the margin region MR is 
preferably about 50 jim. 

Further, as the width of the margin region MR is 
larger in a range from 0 to 50 jim, the ratio at which the 
width covers holes H which are off the principal path 
becomes larger, and hence, the effect of suppressing 
conduction of the parasitic bipolar transistor becomes 
larger. It is to be noted, however, that even if the width of 
the margin region MR is 0, i.e., when there is no margin 
region MR, since the principal path of the holes H exists 
within the side diffusion region SD, the effect of sup- 
pressing conduction of the parasitic bipolar transistor is 



created to a reasonable extent 

As described earlier, in the device 101 , a plurality of 
the trenches 7 are arranged parallel to each other, with 
the constant distance W ce , from each other. This pre- 
5 vents concentration of electric field at the bottom por- 
tions of some of the trenches 7, Further, the distance 
W Cfl | is set sufficiently narrow (e.g., 3 to 5 jun) to weaken 
electric field in the vicinity of the bottom portion of each 
trench 7. In addition, as not shown in the drawing, a 
w guard ring is disposed around the gate wire line GL 
which is disposed along the outer periphery of the top 
major surface of the semiconductor base 200, as in the 
conventional device 151. 

Hence, an avalanche current is developed only in 
75 the region which is shown in Figs. 1 and 5, i.e., the 
region in the vicinity of the boundary between the side 
diffusion region SD and the n" semiconductor layer 3, 
facing the cell region CR. The avalanche current which 
is developed in this region does not conduct the para- 
ge sitic bipolar transistor, and therefore, conduction of the 
parasitic bipolar transistor is suppressed in the device 
101 as a whole. That is, the characteristic structures 
within the side diffusion region SD and the margin 
region MR effectively lead to an improvement in the 
25 RBSOA of the device 101 . 

(n addition, as described above, the structure in 
which the n + emitter layer 5 is exposed in a ladder-like 
configuration to the top major surface of the semicon- 
ductor base 200 contributes to creation of the unit cells 
30 in fine patterns. That is, it is possible to set the distance 
W ce i further narrow. This further prevents development 
of an avalanche current at portions other than the side 
diffusion region SD, and therefore, further effectively 
improves the RBSOA of the device 101 . 

35 

(1-3. Manufacturing Method) 

Now, a manufacturing method of the device 101 will 
be described. Figs. 6 to 1 7 are views showing steps of a 
40 preferable manufacturing method of manufacturing the 
device 101. To manufacture the device 101, first, as 
shown in Fig. 6, a flat-plate like semiconductor base 20 
is formed which serves as a basis of the semiconductor 
base 200. 

45 The semiconductor base 20 is obtained by prepar- 
ing a p-type silicon substrate which corresponds to the 
p + collector layer 1 , and thereafter epitaxially growing 
the n + buffer layer 2 and the n" semiconductor layer 3 
sequentially in this order as a stacked structure on one 

so major surface of the p-type silicon substrate, for 
instance. The n + buffer layer 2 and the n" semiconductor 
layer 3 which have different impurity concentrations 
from each other are obtained by changing the quantity 
of an impurity stepwise which is introduced during epi- 

55 taxial growth. 

Next, as shown in Fig. 7, a shielding element 41 
whose pattern configuration corresponds to the p semi- 
conductor layer 13 which is to be formed is formed on 
the n" semiconductor layer 3. Using the shielding ele- 
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ment 41 as a mask, a p-type impurity is selectively 
implanted and then diffused by annealing. As a result, 
the p semiconductor layer 13 is selectively formed on 
the top surface of the n* semiconductor layer 3. 

Next, as shown in Fig. 8, a shielding element 42 5 
whose pattern configuration corresponds to the p base 
layer 4 which is to be formed is formed on the n* semi- 
conductor layer 3. Using the shielding element 42 as a 
mask, a p-type impurity is selectively implanted. After 
removing the shielding element 42, the p-type impurity 
is diffused by annealing. As a result, the p base layer 4 
is selectively formed on the top surface of the n" semi- 
conductor layer 3. The p base layer 4 is formed so as to 
be continuous to the p semiconductor layer 13, but to be 
shallower than the p semiconductor layer 13. 

Next, as shown in Fig. 9, a shielding element 43 is 
formed which has an opening portion corresponding to 
the n + emitter layer 5 on the p base layer 4. The pattern 
configuration of the shielding element 43 is easily 
obtained by a known transfer technique utilizing lithog- 
raphy. Using the shielding element 43 as a mask, an n- 
type impurity is selectively implanted. 

After removing the shielding element 43, the n-type 
impurity is diffused by annealing. As a result, the n + 
emitter layer 5 is selectively formed on the top surface of 
the p base layer 4. The n + emitter layer 5 is formed only 
in a region which is separated from the side diffusion 
region of the p semiconductor layer 13 by a certain dis- 
tance. 

Next, as shown in Fig. 10, an oxide film (SiOa) is 
formed over the entire top major surface of the semicon- 
ductor base 20 and patterned, thereby obtaining a 
shielding element 44. the shielding element 44 is pat- 
terned so as to selectively open at the top surface of the 
n + emitter layer 5. In addition, as shown in Fig. 10, some 
of a plurality of opening portions of the shielding ele- 
ment 44 may be within regions which are close to the 
side diffusion region where there is no n + emitter layer 5 
created. By performing RIE (Reactive Ion Etching) 
using the shielding element 44 as a mask, the trenches 
7 are formed which penetrate the p base layer 4 from 
the top surface of the semiconductor base 20 and reach 
the n* semiconductor layer 3. The shielding element 44 
is thereafter removed. 

Next, as shown in Fig. 1 1 , an oxide film 21 is formed 
by thermal oxidation, in a surface of the semiconductor 
base 20 which includes the trenches 7. Following this, 
polysilicon 22 doped with an impurity, for instance, is 
deposited on a surface of the oxide film 21 . As a result, 
the polysilicon 22 fills up the trenches 7 and is deposited 
like a layer over the entire top major surface of the sem- 
iconductor base 20. 

Next, as shown in Fig. 12, a shielding element 45 is 
selectively formed in a region of the top surface of the p 
semiconductor layer 1 3 where the gate wire line GL is to 
be disposed. 

Following this, as shown in Fig. 13, using the shield- 
ing element 45 as a mask, the polysilicon 22 is selec- 
tively removed. As a result, the polysilicon 22 is 



removed, except at a portion which is covered by the 
shielding element 45 and a portion which is buried in the 
trenches 7. The portion which is covered by the shield- 
ing element 45 becomes the gate wire line GL, while the 
a portion which is buried in the trenches 7 becomes the 
gate electrode 10. 

Next, as shown in Fig. 14, an insulation layer 23 is 
deposited to cover the entire top surface including the 
gate electrode 10 and the gate wire line GL The insula- 
tion layer 23 is a basis of the insulation layer 9, and 
therefore, is formed by the same material as the insula- 
tion layer 9. 

Next, as shown in Fig. 15, the insulation layer 23 is 
selectively removed, leaving a portion on the gate elec- 
trode 10 and a portion on the gate wire line GL, whereby 
the insulation layer 9 is formed. As a result, contact 
holes are created on the top surface at regions which 
are between adjacent trenches 7, on the top surface of 
the side diffusion region of the p semiconductor layer 1 3 
and on the top surface at a region within the p base 
layer 4 which is close to the side diffusion region of the 
p semiconductor layer 13. 

Next, as shown in Fig. 16, the emitter electrode 1 1 
is formed by depositing Al-Si, for instance, to cover the 
exposed surface of the semiconductor base 20 and the 
top surface of the insulation layer 9. As a result, the 
emitter electrode 1 1 is selectively formed in the top sur- 
face of the semiconductor base 20, through the contact 
holes of the insulation layer 9. 

Next, as shown in Fig. 1 7, the collector electrode 1 2 
is formed by depositing AIMoNiAu alloy, for instance, on 
a bottom major surface of the semiconductor base 20, 
namely, the exposed surface of the p + collector layer 1 . 

As described above, the device 101 is manufac- 
tured easily by combining common wafer processes 
which mainly perform deposition, impurity implantation 
and diffusion. 

(2. Second Preferred Embodiment) 

Fig. 1 8 is a cross sectional view of a device accord- 
ing to a second preferred embodiment of the present 
invention. A top surface of this device 102 is expressed 
by the plan view in Fig. 2, which is the same as the 
device 101. Fig. 18 corresponds to a cross section 
taken along the cutting plane line C4-C4 of Fig. 2. 

As shown in Fig. 18, the trenches 7 are formed in 
the p semiconductor layer 13 as well in the device 102, 
which is a characteristic difference from the device 101 . 
That is, of a plurality of the trenches 7 which are 
arranged parallel to each other with the constant dis- 
tance W CQ | from each other, some trenches 7 which are 
located at edge portions in the direction of the arrange- 
ment of the trenches 7 are formed even into the p sem- 
iconductor layer 13. Although Fig. 18 shows an example 
where one trench 7 is formed in the p semiconductor 
layer 13, in general, a plurality of the trenches 7 may be 
formed in the p semiconductor layer 13. 

The contact holes CH are formed on the top sur- 
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faces of the side diffusion region SD and the margin 
region MR, and the n + emitter layer 5 is not formed 
either in the side diffusion region SD nor the margin 
region MR, which is the same as in the device 101 . This 
suppresses conduction of the parasitic bipolar transistor 5 
and improves the RBSOA of the device, as in the device 
101. 

At the same time, since some of the arrangement of 
the trenches 7 are formed to overlap the p semiconduc- 
tor layer 13, even if the trenches 7 are displaced due to 
displacement of a mask pattern which is used to form 
the trenches 7, a distance between a trench 7a which is 
outside but closest to the side diffusion region SD and 
the side diffusion region SD does not exceed the dis- 
tance W cel . In short, without aligning the mask pattern 
at a high accuracy, it is easy to avoid an inconvenience 
that electric field is concentrated at a bottom portion of 
the trench 7a and that an avalanche current is devel- 
oped at this bottom portion due to an unnecessary long 
distance between the side diffusion region SD and the 
trench 7a. 

Thus, in the device 102, the RBSOA of the device is 
effectively improved without aligning a mask pattern at a 
high accuracy. 

Now, a manufacturing method of the device 1 02 will 
be described. Fig. 1 9 is a view showing a step of manu- 
facturing the device 102. To manufacture the device 
102, the steps shown in Figs. 6 to 9 are executed, first. 

Next, as shown in Fig. 19, an oxide film (SiOa) is 
formed over the entire top major surface of the semicon- 
ductor base 20 and patterned, thereby obtaining a 
shielding element 44. The shielding element 44 is pat- 
terned so as to selectively open at the top surface of the 
n + emitter layer 5. In addition, as shown in Fig. 10, some 
of a plurality of opening portions of the shielding ele- 
ment 44 are open at the top surface of the p semicon- 
ductor layer 13. 

By performing RIE while using the shielding ele- 
ment 44 as a mask, the trenches 7 are formed which 
penetrate the p base layer 4 from the top surface of the 
semiconductor base 20 and reach the n" semiconductor 
layer 3. The shielding element 44 is thereafter removed. 
Following this, the steps shown in Figs. 11 to 17 are 
executed, whereby the device 102 is completed. 

As described above, as in the manufacturing 
method of the device 101, the device 102 is manufac- 
tured easily by combining common wafer processes 
which mainly perform deposition, impurity implantation 
and diffusion. 

(3. Third Preferred Embodiment) 

Fig. 20 is a perspective view in cross section, show- 
ing a device according to a third preferred embodiment 
of the present invention. A top surface of this device 1 03 
is expressed by the p]an view in Fig. 2, which is the 
same as the devices 101 and 102. The cross section in 
Fig. 20 corresponds to a cross section taken along the 
cutting plane line C1-C1 of Fig. 2. 



As shown in Fig. 20, in the device 1 03, a p + layer 1 5 
which is more heavily doped with a p-type impurity than 
the p base layer 4 is formed in the exposed surface of 
the p base layer 4 which is surrounded by the n+ emitter 
layer 5 within the top major surface of the semiconduc- 
tor base 200. This is a characteristic difference from the 
structure of the device 101 which is shown in Fig. 3. 

Figs. 21 , 22 and 23 are cross sectional views show- 
ing a structure in the vicinity of a boundary between the 
cell region CR and the gate wire region GR within the 
device 103. Of Figs. 21, 22 and 23, Fig. 21 is a cross 
sectional view showing the top major surface of the 
semiconductor base 200 in the vicinity of the cutting 
plane line C3-C3 of Fig. 2. Fig. 22 is a cross sectional 
view taken along the cutting plane line C3-C3. Fig. 23 is 
a cross sectional view taken along the cutting plane line 
C4-C4. 

As shown in Figs. 21, 22 and 23, the device 103 is 
characteristically different from the devices 101 and 102 
in that the p + layer 15 is formed not only in the exposed 
surface of the p base layer 4 which is surrounded by the 
n + emitter layer 5, but also in a top surface portion sur- 
rounded at least by the contact holes CH of the region 
of the p base layer 4 which corresponds to the margin 
region MR, and further in a top surface portion sur- 
rounded at least by the contact holes CH of the side dif- 
fusion region SD. The impurity concentration the p + 
layer 15 is set higher than that of any one of the p base 
layer 4 and the n + emitter layer 5. 

As described above, in the device 103, the p + layer 
15 is formed at least in the portions which are sur- 
rounded by the contact holes CH in the top surfaces of 
the p base layer 4 and the side diffusion region SD. 
Hence, the p base layer 4 and the p semiconductor layer 
13 are both connected to the emitter electrode 11 
through the p + layer 15 which has a high impurity con- 
centration. As a result, contact resistances, and hence, 
potential barriers between the p base layer 4 and the 
emitter electrode 1 1 and between the p semiconductor 
layer 13 the emitter electrode 1 1 become low. 

Hence, holes intruding into the p base layer 4 or the 
p semiconductor layer 13 more easily exit to the emitter 
electrode 1 1 . Since this makes it easier for a current to 
flow, the value of a current which can be turned off 
becomes high. In other words, the p + layer 15 improves 
the RBSOA within the device 103. 

The device is similar to the devices 101 and 102 in 
that the contact holes CH are formed on the top sur- 
faces of the side diffusion region SD and the margin 
region MR and in that neither the side diffusion region 
SD nor the margin region MR includes the n + emitter 
layer 5. Hence, this device as well guarantees the 
advantage that conduction of the parasitic bipolar tran- 
sistor is suppressed and the RBSOA of the device is 
improved, as the devices 101 and 102. 

Now, a description will be given on a few preferred 
methods of manufacturing the device 103. 

Fig. 24 is a view showing a manufacturing step of 
one example of a manufacturing method. In this manu- 
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factoring method, the steps shown in Figs. 6 to 13 are 
executed, first. Following this, as shown in Fig. 24, a 
shielding element 47 is formed which covers the gate 
electrode 10, the n + emitter layer 5 and the gate wire 
line GL. The shielding element 47 is obtained by depos- 
iting a material of the shielding element 47 on the entire 
top surface which is exposed after the step shown in 
Fig. 13 and thereafter performing patterning. 

The shielding element 47 is selectively open within 
the top surface of the semiconductor base 20, i.e., in the 
region of the p base layer 4 which is surrounded by the 
n + emitter layer 5, in the region of the p base layer 4 
which corresponds to the margin region MR, and in the 
side diffusion region SD of the p semiconductor layer 13 
facing the cell region CR. In other words, the shielding 
element 47 is selectively open in a region which 
includes contact holes CH which are formed at a subse- 
quent step. 

Next, using the shielding element 47 as a mask, a 
p-type impurity is selectively implanted into the top sur- 
face of the semiconductor base 20. Following this, by 
performing annealing after removing the shielding ele- 
ment 47, the implanted impurity is diffused. As a result, 
the p* layer 1 5 is selectively formed in a top surface por- 
tion of the semiconductor base 20. The device 103 is 
obtained by executing the steps shown in Figs. 14 to 17. 

Figs. 25 and 26 are views showing manufacturing 
steps of another one example of a manufacturing 
method. In this manufacturing method, the steps shown 
in Figs. 6 to 8 are executed, first. Following this, as 
shown in Fig. 25, a shielding element 48 is formed 
which has an opening portion corresponding to the p + 
layer 1 5 which is to be formed, in the top surface of the 
semiconductor base 20. 

The shielding element 48 is selectively open within 
the top surface of the semiconductor base 20, i.e., in a 
region which is surrounded by the n + emitter layer 5 
which is formed at a subsequent step, in the region of 
the p base layer 4 which corresponds to the margin 
region MR, and in the side diffusion region SD of the p 
semiconductor layer 13 facing the cell region CR. In 
other words, the shielding element 48 is selectively 
open in a region which includes contact holes CH which 
are formed at a subsequent step, which is similar to the 
shielding element 47. 

Next, using the shielding element 48 as a mask, a 
p-type impurity is selectively implanted into the top sur- 
face of the semiconductor base 20. Following this, by 
performing annealing after removing the shielding ele- 
ment 48, the implanted impurity is diffused. As a result, 
the p + layer 1 5 is selectively formed in a top surface por- 
tion of the semiconductor base 20. 

Next, the step shown in Fig. 26 is executed. That is, 
the shielding element 43 is formed which has an open- 
ing portion on the p base layer 4, corresponding to the 
n + emitter layer 5 which is to be formed. The opening 
portion of the shielding element 43 is formed so as not 
to overlap the opening portion of the shielding element 
48. Using the shielding element 43 as a mask, an n-type 
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impurity is selectively implanted. 

Following this, by performing annealing after 
removing the shielding element 43, the implanted impu- 
rity is diffused. As a result, the n + emitter layer 5 is 

5 selectively formed in the top surface of the p base layer 
4. The n + emitter layer 5 is formed only in a region which 
is separated from the side diffusion region of the p sem- 
iconductor layer 13 by a certain distance. The device 
103 is obtained by subsequently executing the steps 

w shown in Figs. 10 to 17. 

Fig. 27 is a view showing a manufacturing step of a 
further example of a manufacturing method. In this 
manufacturing method, the steps shown in Figs. 6 to 9 
are executed, first. Following this, as shown in Fig. 27, a 

is shielding element 49 which covers the n + emitter layer 5 
is formed. The shielding element 49 is selectively open 
within the top surface of the semiconductor base 20, 
i.e., in the region of the p base layer 4 which is sur- 
rounded by the n + emitter layer 5, in the region of the p 

20 base layer 4 which corresponds to the margin region 
MR, and in the side diffusion region SD of the p semi- 
conductor layer 13 facing the cell region CR. In other 
words, the shielding element 49 is selectively open in a 
region which includes contact holes CH which are 

25 formed at a subsequent step. 

Next, using the shielding element 49 as a mask, a 
p-type impurity is selectively implanted into the top sur- 
face of the semiconductor base 20. Following this, by 
performing annealing after removing the shielding ele- 

30 ment 49. the implanted impurity is diffused. As a result, 
the p + layer 1 5 is selectively formed in a top surface por- 
tion of the semiconductor base 20. The device 103 is 
obtained by subsequently executing the steps shown in 
Figs. 10 to 17. 

35 Fig. 28 is a view showing a manufacturing step of a 
still further example of a manufacturing method. In this 
manufacturing method, the steps shown in Figs. 6 to 9 
are executed, first. Following this, as shown in Fig. 28, a 
shielding element 50 which covers a region where the 
40 gate wire line GL is disposed at a subsequent step is 
formed. Next, using the shielding element 50 as a mask, 
a p-type impurity is selectively implanted into the top 
surface of the semiconductor base 20. 

Following this, by performing annealing after 
45 removing the shielding element 50, the implanted impu- 
rity is diffused. As a result, the p + layer 15 is selectively 
formed in a top surface portion of the semiconductor 
base 20. In this manufacturing method, the quantity of 
the impurity to be implanted is adjusted so that the con- 
so centration of the p-type impurity within the p + layer 15 is 
sufficiently lower than the concentration of the n-type 
impurity within the n + emitter layer 5. Hence, the n + 
emitter layer 5 which is already formed is not substan- 
tially subjected to an influenced by the p-type impurity. 
55 Following this, the steps shown in Figs. 1 0 to 1 7 are 
executed, whereby the device 103 is obtained. 

In any one of the four manufacturing methods 
described above, as in the manufacturing methods for 
manufacturing the devices 101 and 102, the device 103 
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is manufactured easily by combining common wafer 
processes which mainly perform deposition, impurity 
implantation and diffusion. In the method which is 
shown in Fig. 28, in particular, since it is not necessary 
to align the shielding element which is used to implant a 5 
p-type impurity to the n + emitter layer 5, manufacturing 
is particularly easy. 

(4. Modification ) 

10 

(1) While the preferred embodiments described 
above have been described in relation to an n- 
channel type IGBT, the present invention is also 
applicable to a p-channel type IGBT. A p-channel 
type IGBT is obtained by reversing the conductivity 15 
types of the respective semiconductor layers which 
form each n-channel type IGBT in each one of the 
preferred embodiments described. 

(2) While the preferred embodiments described 
above have been described in relation to an IGBT, 20 
the present invention is also applicable to a semi- 
conductor device which has a trench gate, in gen- 
eral. For instance, in each IGBT in each one of the 
preferred embodiments described, by omitting the 

p + collector layer 1 and forming the collector elec- 25 
trode 12 directly in the surface of the n + buffer layer 
2, a MOSFET is obtained. In this MOSFET as well 
as in each IGBT in each one of the preferred 
embodiments described, conduction of a parasitic 
bipolar transistor is suppressed, and therefore, the 30 
RBSOA of the device is improved. 

While the invention has been described in detail, 
the foregoing description is in all aspects illustrative and 
not restrictive. It is understood that numerous other 35 
modifications and variations can be devised without 
departing from the scope of the invention. 

Claims 

40 

1 . An insulated gate semiconductor device comprising 
a semiconductor base defining a top major surface 
and a bottom major surface, wherein 
said semiconductor base (200) includes: 



deeper than said second semiconductor layer 
(4), said third semiconductor layer (13) being 
linked to said second semiconductor layer (4), 
said third semiconductor layer (13) surrounding 
said second semiconductor layer (4); and 

a fourth semiconductor layer (5) of the first con- 
ductivity type being selectively formed in a por- 
tion of said top major surface within said 
second semiconductor layer (4); 

in said semiconductor base, a trench (7) is formed 
which is open in said top major surface, which pen- 
etrates said fourth (5) and said second (4) semicon- 
ductor layers and which reaches said first 
semiconductor layer (3); 
said device further comprises: 

a gate insulation film (8) which ensures electric 
insulation, said gate insulation film covering an 
inner wall of said trench (7); 

a gate electrode (10) which is buried within said 
trench (7), with said gate insulation film (8) 
located between said gate electrode (10) and 
said semiconductor base (200); 

a gate wire line (GL) which is disposed on said 
top major surface through an insulation film 
(16) so as to extend along said third semicon- 
ductor layer (13), said gate wire line being elec- 
trically connected to said gate electrode (10); 

a first major electrode (11) which is disposed 
on said top major surface, said first major elec- 
trode being electrically connected to said sec- 
ond (5) and said fourth (4) semiconductor 
layers; and 

a second major electrode (12) which is dis- 
posed on said bottom major surface, said sec- 
ond major electrode (12) being electrically 
connected to said bottom major surface; 

said first major electrode (11) is also electri- 
cally connected to a side diffusion region (SD) 
which is adjacent to said second semiconduc- 
tor layer (5) within said third semiconductor 
layer (13), and 

said fourth semiconductor layer (4) is not 
formed within said side diffusion region (SD). 

2. The insulated gate semiconductor device of Claim 
1, wherein said first major electrode (11) is also 
electrically connected to a margin region (MR) 
which is defined as a region within a certain dis- 
tance from said side diffusion region (SD) in said 
second semiconductor layer (4), and 



a first semiconductor layer (3) of a first conduc- 
tivity type being exposed to said top major sur- 
face; 

a second semiconductor layer (4) of a second so 
conductivity type being formed in a portion of 
said top major surface within said first semicon- 
ductor layer (3); 

a third semiconductor layer (13) of the second 55 
conductivity type formed in a portion of said top 
major surface within said first semiconductor 
layer (3) by selectively diffusing an impurity, 
said third semiconductor layer (13) being 



15 



20 



25 



40 



13 



EP0 801 425 A1 



26 



25 

said fourth semiconductor layer (5) is not 
formed within said margin region (MR) either. 

3. The insulated gate semiconductor device of Claim 

2, wherein said certain distance is approximately 5 
equal to or smaller than 50 nm. 

4. The insulated gate semiconductor device of Claim 
1 , 2 or 3, wherein said trench (7) is divided into a 
plurality of unit trenches which are arranged parallel 10 
to each other and equidistant from each other. 

5. The insulated gate semiconductor device of Claim 
4, wherein at least one of said plurality of unit 
trenches (7) which is located at an end of arrange- is 
merit of said plurality of unit trenches is formed 
within said third semiconductor layer (13). 

6. The insulated gate semiconductor device of Claim 

1 , wherein an edge portion of said trench (7) along 20 
the longitudinal direction thereof extends into said 
third semiconductor layer (13). 

7. The insulated gate semiconductor device of Claim 
1, wherein said semiconductor base (200) further 
includes a fifth semiconductor layer which is selec- 
tively formed in a connection portion of said second 
(4) and said third (13) semiconductor layers with 
said first major electrode (11), said fifth semicon- 
ductor layer having a higher impurity concentration 
than those of said second (4) and said third (13) 
semiconductor layers. 

8. The insulated gate semiconductor device of Claim 
1, wherein said fourth semiconductor layer is 
exposed to regions which are located between said 
plurality of unit trenches (7) within said top major 
surface, so as to be in a ladder-like configuration 
which is adjacent to said plurality of unit trenches. 

9. The insulated gate semiconductor device of Claim 
1, wherein said semiconductor base (200) further 
includes a sixth semiconductor layer (1) of the sec- 
ond conductivity type, and said sixth semiconductor 
layer is jointed to said first semiconductor layer (3) 
and exposed to said bottom major surface. 

10. The insulated gate semiconductor device of Claim 
9, wherein said first semiconductor layer (3) 
includes a seventh semiconductor layer (2) of the 
first conductivity type in a junction portion with said 
sixth semiconductor layer (1), and said seventh 
semiconductor layer (2) has a higher impurity con- 
centration than that of a remaining portion of said 
first semiconductor layer (3). 

1 1 . A method of manufacturing an insulated gate semi- 
conductor device, comprising the steps of: 



(a) preparing a semiconductor base (200) 
defining a top major surface and a bottom 
major surface, said semiconductor base includ- 
ing a first semiconductor layer (3) of a first con- 
ductivity type which is exposed to said top 
major surface; 

(b) selectively introducing a second conductiv- 
ity type impurity into said top major surface to 
thereby form a second semiconductor layer (4) 
and a third semiconductor layer (13) of a sec- 
ond conductivity type in a portion of said top 
major surface within said first semiconductor 
layer (3), so that said third semiconductor layer 
(13) is deeper than said second semiconductor 
layer (4) and said third semiconductor layer 
(13) is linked to said second semiconductor 
layer (4) and surrounds said second semicon- 
ductor layer; 



(i) forming a second major electrode (12) which 
is electrically connected to said bottom major 
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(c) selectively introducing a first conductivity 
type impurity into said top major surface to 
thereby selectively form a fourth semiconduc- 
tor layer (5) of the first conductivity type, in a 

25 portion of said top major surface within said 

second semiconductor layer (4) except at a 
side diffusion region (SD) which is adjacent to 
said second semiconductor layer (4) within said 
third semiconductor layer (13); 

30 

(d) selectively etching from said top major sur- 
face to thereby selectively form a trench (7) in 
said semiconductor base (200) which pene- 
trates said fourth (5) and said second (4) semi- 

35 conductor layers and reaches said first 

semiconductor layer (3); 

(e) forming an insulation film (8) which covers 
an inner wall of said trench (7) and a top sur- 

40 face of said semiconductor base (200) ; 

(f) forming a conductive layer to coat said insu- 
lation film (8); 

45 (g) selectively removing said conductive layer 

to leave an inner portion of said trench (7) and 
a portion which is along said third semiconduc- 
tor layer, to thereby form a gate electrode (10) 
and a gate wire line (GL); 

50 

(h) forming a first major electrode (1 1) on said 
top major surface, said first major electrode 
(11) being electrically connected to said sec- 
ond (4) and said fourth (5) semiconductor lay- 
55 ers and also to said side diffusion region (SD); 

and 
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surface. 

12. The method of manufacturing an insulated gate 
semiconductor device of Claim 11, wherein at said 
step (c), said fourth semiconductor layer (5) is 
formed except at a margin region (MR) which is 
defined as a region within a certain distance from 
said side diffusion region (SD) in said second sem- 
iconductor layer (4), and 

at said step (h), said first major electrode (1 1) is 
also electrically connected to said margin 
region (MR). 

13. The method of manufacturing an insulated gate 
semiconductor device of Claim 12, wherein at said 
step (c), said certain distance is set equal to or 
smaller than 50 \im. 



der-like configuration which is adjacent to said plu- 
rality of unit trenches (7). 

19. The method of manufacturing an insulated gate 
5 semiconductor device of any one of the Claims 1 1 
to 18, wherein said step (a) includes the step of: 

(a-1) preparing a semiconductor substrate (1) 
of the second conductivity type and a 
10 higher impurity concentration than that of 

any one of said second (4) and said third 
(13) semiconductor layers; and 

(a-2) epitaxially growing a semiconductor layer 
is (2) which includes a first conductivity type 

impurity on said semiconductor substrate 
(1) to thereby form said first semiconduc- 
tor layer (3). 
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14. The method of manufacturing an insulated gate 
semiconductor device of Claim 11, 12 or 13, 
wherein at said step (d), said trench (7) is formed as 
a plurality of unit trenches which are arranged par- 
allel to each other and equidistant from each other. 

15. The method of manufacturing an insulated gate 
semiconductor device of Claim 14, wherein at said 
step (d), at least one of said plurality of unit 
trenches (7) is formed in said side diffusion region 
(SD) as well. 



20. The method of manufacturing an insulated gate 
semiconductor device of Claim 19, wherein at said 
step (a-2), the quantity of said impurity which is 
introduced during epitaxial growth is adjusted step- 
wise so that the impurity concentration of said first 
semiconductor layer (3) is higher at a junction por- 
tion with said semiconductor substrate (1) than at a 
remaining portion of said first semiconductor layer 
(3). 



25 



16. The method of manufacturing an insulated gate 
semiconductor device of Claim 11, 12 or 13, 
wherein at said step (d), said trench (7) is so formed 
that an edge portion of said trench along the longi- 35 
tudinal direction thereof extends into said third sem- 
iconductor layer (13). 



17. The method of manufacturing an insulated gate 
semiconductor device of any one of the Claims 1 1 40 
to 16, further comprising the step 0) of selectively 
introducing a second conductivity type impurity into 
said top major surface to thereby selectively form a 
fifth semiconductor layer of the second conductivity 
type in a portion of said top major surface within 45 
said second (4) and said third semiconductor layers 
(13) to which said first major electrode (1 1) is to be 
connected, said fifth semiconductor layer having a 
higher impurity concentration than that of any one 

of said second (4) and said third (13) semiconduc- so 
tor layers, said step G) being executed prior to said 
step (h). 

18. The method of manufacturing an insulated gate 
semiconductor device of any one of the Claims 1 1 ss 
to 17, wherein at said step (c), said fourth semicon- 
ductor layer (5) is exposed to regions which are 
located between a plurality of unit trenches (7) 
within said top major surface, so as to be in a lad- 
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FIG. 3 
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FIG. 1 1 
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